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PREFACE

Prior to selection of actual experiments and investigators for research on Space
Station, a critical question needs to be addressed during the current planning phase.
What kinds and quantities of waste materials will be generated by the research

missions sponsored by the Office of Space Science and Applications (OSSA)? Early
identification of the waste materials likely to be generated by research and

associated servicing is necessary for designing adequate waste management systems
and determining associated operational requirements. Early assignment of
resources and program responsiblity for waste management is equally important.

This report contains the best estimates obtainable in the last quarter of 1986 for
potential waste generation by 35 missions. These particular missions were selected
for study because they are scheduled to become operational early in the Space
Station era. The waste estimates were obtained from a large group of OSSA mission

planners, managers, technical experts, and related reference documents, and were
then compiled in a preliminary waste inventory database. These data are based on
the mission plans described in the Mission Requirements Data Base and associated
reference payloads. These serve as general guides for future payloads that are to be

developed.

The initial waste database should be updated as the OSSA mission descriptions
become more accurate. The mission contacts and the contractor support team did,

however, make every effort to produce realistic and useful quantitative information
at this early date. We think that we succeeded in achieving that objective
satisfactorily, primarily because of the interest, cooperation and concern for the
importance of the study shown by the various mission contacts. The personal
contact between the NASA/contractor team which performed the study at Ames

Research Center (ARC) and a knowledgeable OSSA network should be maintained
in order to continue this important work beyond the initial results achieved in this

preliminary study.
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_ _ .,L OSSA SPACE STATION WASTE INVENTORY

1.0 INTRODUCTION

m

. 1.1 Study Scope .and Objectives

--The Space Station Planning Group within NASA's Office of Space Science and
Applications, which is made up of managers at Headquarters and Goddard Space
Flight Center, considers waste management a critical issue. The objective of this
OSSA Space Station Waste Inventory study was to acquire the information those
planners will need to define preliminary OSSA waste management requirements on
the Space Station during its Initial Operational Capability (IOC).

The following guidelines for conducting the study were presented to the OSSA

Planning Group and received the group's concurrence:

0 focus on OSSA missions in the Mission Requirements Data Base (MRDB)
that are currently defined for the IOC period. (These missions are
identified in the MRDB by the prefix SAAX and a number code used as a
brief identifier for a particular mission in portions of this report.)

o utilize the OSSA Space Station Servicing Data Book recently produced by

the BDM Corporation as a model for the study report format,
l

0 coordinate with a concurrent Marshall Space Flight Center (MSFC)
Contamination Study through sharing of methodology and data. _.....

\ o;organize the waste data summaries to reflect a 90-day Space

J Transportation System (STS) re-supply interval (mission cycle). - _ _
I _,k_J t

1.2 Organization of Report

The remainder of this report consists of seven major sections and five appendices.
Section 2 gives a brief summary of previous work reviewed to clarify the
conceptual basis of the present study, and identifies links between the present study
and some ongoing or recent studies in related areas. Section 3 describes the study
methodology. Section 4 summarizes and discusses the study results. A discussion of
results is presented in Section 5 to show how some of the study findings relate to

waste management aboard Space Station. Section 6 offers some recommendations
for future work. These six sections contain all the general information required to
understand how the study was done and what information was produced.



The rest of the report provides detailed information, organized to help the reader
learn more about a particular sub-area of interest. Section 7 supplements and
extends Section 4, by providing brief Overviews of each of the 1"0_ missions
included in the study and a detailed summary of the types, quantities, and special
characteristics of wastes produced by each mission. A p_-fid_x A-1 shows and
describes the contents of a Request for information (RFI) form which was the

written inquiry sent to data sources, along with a repr0ductjon 0_ the Waste Data
Sheet, a worksheet used to consolidate and organize the raw data as it was obtained.
Appendix A-2 shows a printout of the entire database in spreadsheet form, along
with definitions of its individual elements. Appendix A-3 lists all references, and
Appendix A=_crntains a list of the persons who C0fitn_b_edlhfo_afion to the
inventory. Appendix A-5 contains a glossary of the acronyms that appear in this
report.
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2.0 RELATED RESEARCH

w

2.1 Earlier Waste-related Studies

A literature search was conducted on the subject of Space Station waste generation
and management. This search identified several study reports from the early 1970s
about waste generation and management (1,2). The reports contained no directly
applicable waste data, but did contribute to developing a useful general framework

for the present study, and contained concepts applicable to a waste management
system design for the current Station.

2.2 Re,lationship to Recent Studies

2.2.1 Space Station OSSA Contamination Study

A study of contamination assessment for OSSA Space Station IOC payloads was
initiated in parallel with this study. The contamination study was monitored at
MSFC and performed by Science and Engineering Associates, Inc. (3). The
contamination study focused orimarily on identifying and quantifying OSSA
mission-related contamination ( from venting, off-gassing, etc.) in the Space
Station external environment, and on modeling of the flow of contaminants from a
given location in the external environment to other regions. The managers of both
studies conducted informal reviews of each others' progress and methodologies to
ensure that the end-products would be complementary.

2.2.2 BDM Servicing Study

The "OSSA Space Station Servicing Data Book" produced by the BDM Corporation
in November, 1985 contains data about most of the same missions included in this
study (4). The results of the BDM study have been used to develop baseline
servicing requirements to guide Space Station Phase B contract studies. For this
reason, the report format of this inventory has been partially modeled on the BDM
study report. Because servicing is often linked with waste generation, the BDM
study report and material from the MRDB were useful to the ARC team in
constructing summary profiles of individual missions. Some actual waste data were
also included in the BDM study report, and these data were used in the present study
as baseline estimates.



The BDM study defined on-orbit servicing to include all aspectsof maintenance and
repair, while acknowledging that it is difficult to distinguish between operational
(experiment- related) procedures and servicing activities, especially in the case of
laboratory module missions. This inventory did not make a distinction between
servicing and operations in compiling and summarizing data, but such a distinction
helped mission experts think about waste production, and the team often discussed
servicing waste and operational waste separately while collecting data.

The concept of "service interval", drawn directly from the BDM study, became a
basic organizing concept in the waste inventory database. It was applied, to data
concerning operational as well as servicing waste. How this concept was used is
explained in Section 4, "Results."

Other concepts and analytic distinctions used in the BDM study were also directly
applicable to the study. For example, BDM divided servicing into two types;
planned and contingency. Planned servicing is routine and scheduled, and consists
of such tasks as:

o periodic repleniShment of consumables
o refurbishment (including cleaning, calibration)

o replacement of degraded systems at known intervals
o repair of degraded systems at known intervals
o scheduled replacement of old systems with new systems

Contingency servicing might include many of the same tasks but they would be

non-routine and unscheduled. Servicing could also be planned but unscheduled such
as when a random but expected failure occurs. Servicing contingencies make waste
estimates inaccurate and more difficult to interpret. They complicate waste
management planning, because the uncertainty they introduce requires logistic
accommodations such as storage of more spare parts on-orbit or storage of an
unknown number of failed components until they can be fitted into a return
manifest aboard the STS. _ ......

Since any servicing task is likely to generate and/or involve handling of some
waste materials, waste management probably should incorporate planned and
contingency procedures. Contingencies are also associated with experiment
operations, and these must be evaluated for their impacts on waste generation and
management. Both operational and servicing plans should recognize the possibility
of unexpected failures, and make adequate provisions for dealing with such events.
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3.0 METHODOLOGY

L

u

w

3.1 Definitions and Assumptions

In this study, waste is defined simply as "an item which is no longer useful in its
present form." Usefulness is defined relative only to the orbiting Space Station and
there is also a time dimension included in the definition; that is, the item is

considered not useful at a given time. The specialists consulted in the study were
asked to identify only the waste generated by a specific mission, and therefore the

specialist identified waste that is only "no longer useful" to the particul_tr Space
Station mission which generates it. These additional considerations are mentioned
because they suggest some issues to be confronted in designing a waste management
system, which is defined as "hardware, processes and procedures to dispose of waste
or transform it into a useful item."

Design of a waste management system should be based on a broad top-down
perspective. For example, a waste item may be managed (i.e., become useful)
simply by transporting it to another location on the Station where it is needed by
some mission other than the one generating it. This option might be overlooked if
planning is based on information that does not reflect interactions across disciplines
or among missions. A useful overall perspective is outlined in Section 5,
"Discussion of Results."

The waste data identified in this study is based on an inventory for the missions that
were identified in the OSSA "Yellowbook" (17). The missions labeled as free flyers

or attached payloads each consist of a relatively unchanging equipment
configuration that will produce waste items of a consistent quantity and
composition at periodic intervals. The missions in the pressurized modules will
produce waste in a much different manner. The Life Sciences Lab (LSL) and the
Microgravity and Materials Processing Facility (MMPF) will each be used to
perform a wide variety of experiments using many different types of equipment.
There will therefore be unique types and quantities of waste products associated
with the thousands of possible experiment/equipment combinations over the lifetime

of the Space Station.

Since this early study focuses on the IOC phase of Space Station operations, a
"generic" group (scenario) of experiments and facilities identified for IOC by the
mission planners was used to produce this inventory. The planners for the LSL are
using a scenario from a document known as the "Redbook"(7) at present. The
ongoing MMPF study (10) has identified six scenarios. The ARC study team used
one of those scenarios that is identified as having "high scientific potential for which

the stage of equipment development and present or anticipated funding were
considered," since these broad characteristics also describe the Life Science

Redbook scenario fairly well.

5



These scenarios are only representative of many possible alternatives; the actual
experiments and equipment in all of the missions will be better defined between now
and IOC. Nevertheless, the current scenarios used in this study appear to be
sufficiently typical to make waste estimates derived from them useful in planning.
Readers of this report can learn about other possible scenarios and/or experiments
for the life and materials sciences by reading the "Green" (6) and "Blue" (18) Books,
and the MMPF Study (10) respectively.

In summary, this study gathered data intended only to enable preliminary OSSA
waste management system requirements to be developed. Additional studies are
needed to refine these requirements and develop concepts for handling, processing
and disposal facilities for OSSA waste materials.

3.2 Study Methods

The overall work flow for the study is diagrammed in Figure 1. The sequence of
activities that made up the study methodology is represented by the boxes in that
figure. These activities are briefly described in the following subsections.

. .... : , = := -

3.2.1 Selection of OSSA Missions

The missions included in this study are those used by OSSA in planning for the IOC
period of Space Station operations (17). These missions are listed in numerical

order in Table 1 and in alphabeticaI order in Table 2. Table 1 also shows the
designated OSSA managers for the v_ous missions' and classifies the missions

according to payload type i.e., inside a pressurized lab module, attached externally
to the Station structure, or mounted on free-flying platforms. The latter two
categories include some missions which are developing multipurpose attached
platforms--so-called Hitchhikers--or free flying platforms (Spartan, Explorer) that
can serve multiple user needs.

3.2.2 Identification of Waste Data Sources

The study team contacted each designated mission manager as soon as these
individuals were identified, and asked that manager to designate a person as
primary contact for information about waste produced by the mission. In some
cases, the mission manager took this responsibility himself, but in most cases
referred the ARC team to a mission specialist. These primary data sources and key
reference documents are identified in Section 7, "Mission Waste Profiles and Waste

Inventory Forms."

3.2.3 Collection of Data

Each designated data source was sent a Request For Information (RFI) form with
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Appendix A-l,"Request for Information Form & Waste Data Sheet ," includes
examples of both these documents along with a description of the general method
used to identify waste items, sources and quantities. Originally conceived as the
components of a mail questionnaire, this combination package became instead an
interview guide and basis for structuring respondent inputs.

The ARC team collected data by site visits and interviews because the project

leader of the BDM Study, on the basis of his recent experience, strongly
recommended that method over a mail questionnaire. As the ARC team learned

more about the similarities and differences among the OSSA missions, the greater
effectiveness of collecting data through personal interviews became more and

more apparent. Experience soon showed that no single, simple format for a mail
questionnaire would have served adequately to gather the diversity of data
represented by this multidisciplinary group of missions.

Personal meetings were set up and interviews were conducted after the
prospective interviewees had had a few days to study the mailed RFI. During the
site visits to hold the interviews, the ARC team identified and obtained copies of
many valuable background documents. These contained detailed mission
descriptions and often provided extensive quantitative data pertaining to potential
waste generation. Key documents that were gathered, some unpublished, are listed
in Appendix A-3, "References".

3.2.4 Compilation of Data

The waste data were entered into a database, using the Microsoft Excel TM

spreadsheet program, on a Macintosh TM computer. Excel TM is a powerful and
flexible program capable of generating a wide variety of summary report formats,
of which just a few examples are represented by the contents of the inventory
forms in Section 7 and by the summary tables and charts in Section 4,"Results."
Descriptive information from the MRDB, BDM Study report and other document
sources was compiled into brief Mission Waste Profiles as MacWrite TM files on the
same computer. The waste database elements are listed and described in
Appendix A-2.

3.2.5 Generation of Reports

A Mission Waste Profile, which is a formatted narrative description, was
produced for every mission. A Waste Inventory Summary tabulation was also
generated for every mission that had quantifiable waste items identified. Each
Mission Waste Profile and Waste Inventory Summary form were then sent to the
appropriate mission contact for review and approval. Approved versions of these
report elements are included in Section 7, "Mission Waste Profiles and Waste
Inventory Forms."
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TABLE 1" OSSA Missions and Managers Listed in Numerical Order *

Mission Ar_.c.LQ.n.y_ _** Code E Manager Center

SAAX 0001 CRNE AP Jon Ormes GSFC

SAAX 0004 SIRTF FF George Newton HQ
SAAX 0004A SIRTF Serv. FF Edmond Reeves HQ
SAAX 0010 ASO/HRSO AP Edmond Reeves HQ
SAAX 0010A ASO/HRSO Serv. AP Edmond Reeves HQ
SAAX 0011 ASO/POF AP Edmond Reeves HQ
SAAX 0011A ASO/POF Serv. AP Edmond Reeves HQ
SAAX 0012 HST FF Jim Welch HQ
SAAX 0013 GRO FF Art Reetz HQ
SAAX 0017 AXAF FF Arthur Fuchs HQ
SAAX 0017A AXAF Serv. FF Arthur Fuchs HQ
SAAX 0021 SMF AP Jon Ormes GSFC

SAAX 0022 SSS FF Joseph Schulman GSFC
SAAX 0022A SSS Serv. FF Joseph Schulman GSFC
SAAX 0027 EX 1 FF Ken Rosette GSFC
SAAX 0028 EX 2 FF William Hibbard GSFC
SAAX 0029 EX 3 FF William Hibbard GSFC

SAAX 0030 HH 1 AP David Gilman HQ
SAAX 0031 HH 2 AP David Gilman HQ
SAAX 0032 HH 3 AP David Gilman HQ
SAAX 0112 CDCE AP Bill Roberts MSFC
SAAX 0115 AT AP Bill Roberts MSFC
SAAX 0207 STO AP Bill Roberts MSFC

SAAX 0207A ACRIM AP Bill Roberts MSFC
SAAX 0207C HRTS AP Bill Roberts MSFC
SAAX 0207E SUSIM AP Bill Roberts MSFC
SAAX 0207F SEPAC AP Bill Roberts MSFC
SAAX 0207G WISP AP Bill Roberts MSFC
SAAX 0207H TEBPP AP Bill Roberts MSFC
SAAX 0207J RPDP FF Bill Roberts MSFC

SAAX 0250 HH 4 (ERBE) AP Robert Schiffer HQ

SAAX 0251 TRMM AP Tom Keating GSFC
SAAX 0307 LSL LM Larry Chambers HQ
SAAX 0401 MMPF LM Donald Wrublik HQ
SAAX 0502 SBAR AP Tom Campbell HQ

* SAAX numbers are codes used in the MRDB
** LM = Lab Module

AP = Attached Payload

FF = Free-flier/Co-orbiting Platform

9



TABLE 2: Alphabetical List of OSSA Missions

Active Cavity Radiometer Irradiance Monitor
Advanced Solar Observatory: Pinhole/Occulter Facility Mission
Advanced Solar Observatory: Pinhole/Occulter Facility Servicing
Advanced Solar Observatory: Solar Optical Telescope Mission
Advanced Solar Observatory: Solar Optical Telescope Servicing

Advanced X-ray Astronomy Facility Mission
Advanced X-ray Astronomy Facility Servicing
Astrometric Telescope -- Extrasolar
Cosmic Dust Collection Experiment
Cosmic Ray Nuclei Experiment
Explorer 1 (Solar Maximum Mission) Servicing
Explorer 2 Servicing
Explorer 3 Servicing
Gamma Ray Observatory Servicing
Hubble Space Telescope Servicing
Life Sciences Lab

Microgravity and Materials Processing Facility
Recoverable Plasma Diagonstic Package
Solar Terrestrial Observatory

Solar UV High Resolution Telescope and Spectrograph
Solar UV Spectral Irradiance Monitor

Space-Based Antenna Test Range
Space Experiments with Particle Accelerators
Space Infrared Telescope Facility Mission
Space infrared Telescope Facility Servicing
Space Station Hitchhiker 1
Space Station Hitchhiker 2
Space Station Hitchhiker 3
Space Station Hitchhiker 4 (Earth Radiation Budget Experiment)

Space Station Spartan Mission
Space Station Spartan Servicing

Superconducting Magnet Facility
Theoretical and Experimental Beam Plasma Physics

Tropical Rainfall Mapping Mission
Waves in Space Plasma

SAAX 0207A
SAAX 0011
SAAX 0011A
SAAX 0010
SAAX 0010A
SAAX 0017
SAAX 0017A
SAAX 0115
SAAX 0112
SAAX 0001
SAAX 0027
SAAX 0028
SAAX 0029
SAAX 0013
SAAX 0012
SAAX 0307
SAAX 0401
SAAX 0207J
SAAX 0207
SAAX 0207C
SAAX 0207E
SAAX 0502
SAAX 0207F
SAAX 0004
SAAX 0004A
SAAX 0030
SAAX 0031
SAAX 0032
SAAX0250
SAAX 0022
SAAX 0022A
SAAX 0021
SAAX 0207H

SAAX 0251
SAAX 0207G
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4.0 RESULTS

w

n

The study results are presented in this section. The first subsection provides brief
general descriptions of the three major payload types, along with examples of the
most common classes of consumables (potential waste sources) and wastes for each
type. The rest of Section 4 presents and annotates a series of tables and charts that
summarize overall waste production by phase, by service interval, by 90-day
interval, and by major payload type. Separate tabulations and charts were prepared
for mass and volume within each summary category.

4.1 Mission-Bas¢d Waste Summary

The capsule descriptions in this sub-section give a sense of a "typical" mission and
the major generic types of consumables and wastes associated with three payload
types--pressurized lab modules, attached platforms and free-flying platforms.
These overviews will provide a concrete context for intepretation of the
quantitative data presented in later tables and charts.

4.1.1 Laboratory Module Missions

4.1.1.1 Mission Description - Overview

These missions would be conducted in pressurized, habitable modules with major
equipment mounted to the interior. Experiments would be fairly highly automated,
but when fully operational would also require daily servicing by the crew. These
missions require significant quantities of consumables for their support and
continuously produce large quantities of data, samples and waste materials. They
would utilize several common hardware items such as workbenches and gloveboxes
for materials handling and waste containment. Missions would be supplied with
consumables via the logistics module which would also transport equipment
change-outs and end-products. Waste would be produced by experiment
procedures, maintenance and servicing procedures.

4.1.1.2 Waste Sources/Materials - Overview

The types of consumables which may be waste sources include:

o life support material (food, water, etc.) for live specimens
o sample containers and preservatives
o supplies for housekeeping
o raw materials for materials processing facilities



The types of waste materials which may be generated include:

o specimen wastes
o empty containers, excess preservativ_ ....
o housekeeping and experiment procedures wastes
o materials processing wastes

4.1.2 External Attached Payloads

4.1.2.1 Mission Description - Overview

The external attached payloads are individual or grouped' science ins(rument _:
packages to carry out astronomical/astrophysical or solar-terrestrial experiments
and observations. Some of the missions focus on attached science instrument _

platforms or interfaces, such as the Goddard Hitchhiker v_ations. _ese
platforms will not be waste producers, although some payloads mounted on them
probably will be. A minority of these experiments will have some degreeof_rew
participation, and these intra-vehicular activities (IVA) and procedures will
continuously generate a small amount of waste, principally paper. A few missions
also anticipate making some on-orbit repairs to failed compon_egts which could
generate some waste inside the pressurized areas0f the Space Station at irregular
intervals. Otherwise, waste from these payloads would be generated sporadically
from servicingl replenishment Of Consumables, or change0ut of components,

including science instruments. This servicing would generally be done as
extra-vehicular activity (EVA), often while the STS is docked with the Station;
hence the waste produced would not require storage on the Station if it could be
returned to Earth on the same STS flight. Changed-out components or empty
containers used to bring consumables to orbit are considered waste for purposes of
this study, even though they will probably be returned to Earth and recycled.

_e types
k •

of consumables which may be waste sources are:

o g0ses to maintain science instrument environment
o batteries, fuel

o film and paper (from Space Station pressurized module when crew
are actively involved in science)

The types of waste materials which may be generated include:

o purged gas from science instruments
o refueling spillage ...... _
o failed components
o servicing and data recording waste
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4.1.3 Free-flyer/Co-orbiting Platforms

4.1.3.1 Mission Description - Overview

The free-flying and co-orbiting missions include: "mature" scientific instruments
packaged with appropriate support equipment, such as the Hubble Space Telescope
or the Space Infrared Telescope Facility; conceptual instrument packages in early
development stages; and multi-mission spacecraft with or without defined science
payloads. The waste associated with these missions would be generated for the most
part by infrequent servicing procedures performed while the remote platform is
housed in a service bay at the Space Station. Platforms would be retrieved under
their own power or by use of an orbital maneuvering vehicle (OMV). After EVA
servicing, the platform would be tested near the Station before repositioning it far
from the Station. These platforms are generally planned to be self-contained and
will either have data recorders on board or will transmit data back to Earth for

processing. The Space Station crew would have little to do with day-to-day
operations; it is possible, however, that some contingency repairs would be
performed on failed components inside the pressurized volume of the Space
Station.

4.1.3.2 Waste Sources/Materials - Overview

The types of consumables which may be waste sources on platforms are:

o gases to maintain science instrument environment
(e.g. cryogens for cooling, inert gas)

o propellants, batteries, recording tapes
o servicing supplies

The types of waste materials which may be generated include:

o gas from leakage during recharging
o servicing waste (scraps of insulation, wire, thermal grease)

4.2 Waste Category/Production Summary.

In this section, a summary table shows the amounts (mass, volume) of estimated
waste totalled for individual missions by material phase (solid, liquid, or gas) at
various service intervals. Overall totals for each interval and phase are also

provided. A series of summary charts then depict waste production in each phase by
service interval and by successive 90-day intervals for up to 5 years (the longest
service interval identified) for each of three payload types--pressurized module,
external attached payload, and free-flyers. The charts that use a service interval
time-line are based on actual estimates, while those with a time-line divided into

90-day intervals show weighted averages of waste production per interval.

13
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4.2.1 Waste Estimates by Mission Type and Service Interval (Table 3)

Table 3 summarizes the mass and volume of wastes estimated to be generated by
each mission for each successive service interval. The service intervals are shown

in months, with the mass (kilograms) and volume (liters) totals of solids, liquids and

gases for each mission and service interval displayed in separate columns. The
total mass and volume for each mission and interval are tabulated in the last two

columns.

The very large volumes shown for gaseous waste in the table and charts are based on
the use of Standard Temperature and Pressure (STP) as a uniform reporting
standard. Other standards (e.g. based on assumed repressUrization or liquefication

of waste gas) were rejected as being beyond the scope of this study. The following
conversion example may help the reader grasp the meaning of these large nurnbcrs.
If a standard industrial tank of a common gas, such as nitrogen, is brought to STP

from a nominal delivery pressure of 3000 psi, the volume of the 1000 liters of
compressed gas would increase to 204,000 liters, T!ais conversion ratio of =! :200
may be used to interpret the STP volumes reported here.

4.2.2 Total OSSA Mission Waste by Service Interval (Figure 2)

Figure 2 shows the total volume and mass of solids, liquids and gases estimated to be
produced during the service intervals shown on the horizontal axis. Wastes are
generally produced continuously during the 3 month service interval, since most are
attributable to the Life Science Laboratory (LSL) and the Microgravity and
Materials Processing Facility (MMPF). Some of the peaks shown for longer service
intervals would occur during a brief period at the end of the interval when some
servicing activity is being carried out on an external attached payload or on a
free-flyer mission. Although one mission (ASO/POF) plans some servicing after 60
months, the types and amounts of waste produced at that interval are not known, so
the charts show service intervals only out to 36 months.

4.2.3 Total OSSA Mission Waste Per 90 Day Period (Mass) (Figure 3)

In Figure 3, the mass totals from Figure 2 are redistributed along a horizontal axis
on which the intervals represent the nominal Shuttle resupply flight sChedule (one
flight every 90 days or 3 months). The twenty equal intervals correspond to the 60
months covering all known service intervals--not just the 36 months used in Figure
2. This chart shows cumulative quantities of wastes which are produced in each of

the twenty successive intervals. For example, the peak on the SOLID chart Flight #8
(24 months) is the total mass produced from all missions with 3, 6 and 24 month
service intervals shown in Figure 2 or Table 3, since _ese intervals coincide at 24
months. Also, since all quantified LIQUID waste is produced in the lab module on a

90 day cycle, there is no variation among the periods on LIQUID charts.
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TABLE 3: WASTE ESTIMATES BY MISSION TYPE AND SERVICE INTERVAL (MONTHS)

P/l_
SAAX 0010
SAAX 0010A
SAAX0011
SAAXOO11
SAAX0021

0031

SAAX 0115
SAAX 02O7
SAAX 0207A
SAAX 0207C

SAAX 0207H
SAAX 0207J
SAAX 0250
SAAX 0251

FF/CO-ORBITING
SAAX OOO4
SAAX 0004A
SAAX 0012
SAAX 0013

SAAX 0017
;SAAX 0017A
SAAX 0O22
SAAX OO22A
SAAX 0027
SAAX 0028

SAAX 0029
LAB_

SAAX0307
SAAX0401

LTR *

TBD

"rBD
1.5 mil

2240

1.3 rail
TBD

"rBD
TBD

"I"BD
5090

"FBD
"I"BD

8590O
385000

LTR

6.12
TBD

6.93
TBD

381

27
2310

7000
1.3 mil
'IBD

"rBD
]'BO

TBD
5095

TBD
"TBD

90343
390174

* Gas volume @ Standard Temperature and Pressure (0 "C and 1 arm.)
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4.2.4 Total OSSA Mission Waste Per 90 Day Period (Volume) (Figure 4)

Figure 4 shows volume totals from Figure 2 redistributed along the horizontal axis
in the same manner as Figure 3.

4.2.5 Average Waste Mass Per 90 days by Payload Type (Figure 5)

Table 2 and Figures 3 and 4 sh0w tha_tthe external attached and free-flyerpaYload

types tend to produce large quantities of waste in peaks at the end of relatively long
service intervals. For example, some of the free-flyer payloads may produce a

large amount of waste on a 24 or 36 month service interval, but when that large
amount is "spread" over several 90 day periods, these payloads account for only a
small fraction of the total waste mass per 90 days. On the other hand, the

laboratory missions are producing waste continuously, and account for most of the
large peaks in the 3 month service interval.

Given this marked disparity between internal and external payloads in their modes
of waste production, the raw data were transformed in a way that gives equal
"weighting" to the different payload types, relative to the fixed 90 day STS flight
schedule. The results of such a transformation are shown in Figure 5. These pie

charts depict the average percentages by phase of total waste mass that would be
produced every 90 days by the three major types of payloads.

4.2.6 Average Waste Volume Per 90 days by Payload Type (Figure 6)

Figure 6 shows the percentage of the waste volume estimated to be produced per 90
days by the various types of payloads. The volume was averaged as in Figure 5.
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5.0 DISCUSSION OF RESULTS

i

The results of this inventory of waste from OSSA missions support a number of
conclusions having important implications for mission plans and schedules.

This report shows that OSSA missions currently included in IOC planning will

generate large quantities of waste material and trash. These materials will require
handling, processing, and recycling or disposal. Specifically, the IOC missions
would generate a total mass of waste material in excess of 5350 kg, or nearly 12000

pounds, during every 90-day nominal interval between STS flights. This figure is
about half the permissible landing weight for the STS, currently set at roughly
24000 pounds. The assumption that the crew habitation module and the European
and Japanese modules will generate at least an equal quantity of waste and trash
seems conservative. If that assumption holds, however, then the OSSA data suggest
that the STS would be virtually dedicated to returning wastes unless 9n-orbit waste
processing, reuse/recycling, and other alternatives to STS de-orbiting are planned.

Current plans recognize that such common, high volume commodities as water and
atmospheric gases should be reclaimed and reused aboard Space Station. This study
gives OSSA planners quantitative information that will allow them to identify
opportunities to reclaim and reuse other waste products from science missions, such
as purge gases, solvents, and cleaning fluids other than water. In many cases, large

quantities of raw materials will be converted into relatively clean waste by the
original users. These users may discover that in the long run it is advantageous to
process this waste on orbit and reuse it, rather than discarding and replacing it.
Even if the original users do not opt for recycling, some other use for the processed
material may be found elsewhere aboard the Space Station. If so, adequate
processing and transfer of reusable materials must be planned, including guidelines
for sharing the costs and benefits of such exchanges among OSSA missions or with
other Space Station program areas.

The individual OSSA mission plans on which the missions specialists based their

quantitative estimates for this study are incomplete and not fully integrated into an
overall Space Station growth plan. The estimates given for several of the missions
are based on complex "strawman" payload scenarios that will undoubtedly change.
This makes the data difficult to relate to IOC constraints in such critical areas as

Space Station volume and power, or STS capacity and flight scheduling.
Interpretation and use of the data presented here must recognize these facts. Also,
while the missions studied make up a planning envelope for the IOC time frame.
it is unlikely that all of these missions will ever be fully operational at the same
time. Despite these limitations to the realism of the estimates presented in this
report, they constitute the best information available on which to base design
requirements. They are valid and accurate within the limits of the assumptions and
guidelines for interpretation that have been clearly stated throughout the report or
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which are included in the database "Notes" in Appendix A-2. Equally important,

perhaps, the data can be improved by using the approach that was tested and
validated in this study.

Each disciplinary set of OSSA missions has been planned in relative isolation from
others and from other Space Station user groups. The variety and quantity of
materials that will be available in the total OSSA waste pool for recycling was not

known until this study inventoried them. The resulting database of program-wide
information will make it possible to plan more efficient management of these
materials across scientific disciplines, and ultimately across boundaries of other

Space Station functional areas.

Waste management can be thought of as encompassing four sequential phases:
L

Waste Generation (source, type, rate)

Waste Handling (containment, transfer)
Waste Processing (treatment, processing, utilization)
Waste Disposal (stowage, disposal)

These steps are common to both Earth and space-based waste management. The fact
that the Earth is a relatively closed ecosystem is having an increasing impact on the
operations of modem societies. Similarly, the "permanent" Space Station will
inevitably function as a relatively closed artificial ecosystem. Skylab provided the
U.S. a major flight opportunity to develop preliminary experience in virtually all of
these waste management are_(5), experience which show_I_at waste m_agement
will be extremely important to Space Station designers. This study clearly focused
on the waste generation step. The next i0gical task is to apply the inf6_ati6n
generated in the present study to solving problems connected with waste handling,

processing, and disposal.

It appears that the initial Space Station configuration will be scaled down from
previous versions, and that OSSA will have to compete aggressively with
commercial, technology development and military missions for space on STS
flights and for scarce Space Station resources at IOC. These developments make it
imperative that OSSA mission operations and servicing plans provide for an
efficient materials management process to address the major waste management
problems brought to light by this study. In light of the quantities of waste the OSSA
missions would produce, the option of using the STS to return these materials
to Earth is clearly not desirable or perhaps even viable if any significant science
goals are to be achieved during IOC.
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6.0 RECOMMENDATIONS
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This study developed a waste materials database that can support much more
realistic waste management planning, but its adequacy as a planning tool can only be

tested by using it. The sooner it is put to that test the better, so that waste
management can be given the critical attention it deserves in an overall materials
management plan. The present study should be continued, and its scope widened
to include both data collection and use of the data to generate specific requirements

and design concepts for a waste management system to serve OSSA and the other
iusers aboard Space Station. This next phase should be initiated with minimum delay

for two major reasons.

1) There is widespread interest in addressing waste management problems
effectively among OSSA mission managers and payload specialists who
participated in this study. Continuing the present work will sustain and mobilize
this interest to bring about effective, cooperative waste management planning.
This planning is presently not keeping pace with such related developments as the
issuance of the Phase C/D Space Station RFP. Unless materials management is
given continuing attention, Space Station design decisions will be made without
adequate inputs on waste management issues, to every user's detriment.

2) The inventory just completed and summarized in this report represents only a
partial--although substantial--accounting of waste material production. Many, if
not most, OSSA Space Station mission plans are in rapid flux, and additional
planning decisions are being made almost daily that will change and often add to
the total quantity of prospective waste. During this initial inventory phase, the
ARC team became thoroughly familiar with the status of OSSA mission plans as
they stood in mid-1986, and made strong links to a network of extremely
knowledgeable OSSA mission experts. These engineers and scientists are now
aware of and thinking about waste management problems. A follow-on phase of
work on this problem will sustain the momentum established during the first
phase, and increase the cost-effectiveness of the effort already invested. It will
enable the existing inventory to be updated without loss of continuity, and insure
that changes or additions can be related to the results of this study. Constantly
improving information about waste will give mission planners an incentive to
continue to work the waste management problem at a program-wide level as well
as within each science discipline and each mission's particular context. Without
continuity of effort, the existing database will rapidly be outdated and will, of

course, remain incomplete.
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Specific next steps recommended are:

1. Continue to collect waste data, to fill in gaps and improve the overall quality
of the waste materials inventory that was developed in the present study. Establish a

dissemination procedure to make periodic updates of the database and special
reports derived from the database available to members of the OSSA mission

development community.

2. Develop preliminary requirements for OSSA waste management system
design, examine alternative approaches to Space Station waste managementrelative
to these requirements, and relate these approaches to waste management planning
in other areas, such as crew habitat and non-OSSA programs (commercial and

technology development).

3. Develop a conceptual design for an integrated waste management system or
facility to serve OSSA needs aboard the Space Station at a minimum, while
providing for post-IOC growth and also (or iiitegmtion with station-wide waste

management concepts.

The objective of this study was to perform a detailed and quantitative inventory
of the waste which the OSSA missions within the IO(2 planning envelope will

produce. This inventory was completed as planned, within limits imposed by the
current uncertainties in OSSA mission plans. The _information has been organized

in a computer database and is ready for OSSA planners and o_ers to use in
defining waste-related requirements for a Space _n_materiais -manfi_ernent

system. A copy of the Macintosh computer disk is available from the Study
Manager.
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7.0 MISSION WASTE PROFILES AND WASTE INVENTORY FORMS

m

!

r

7.1 Mission Profile Outline Description

A Mission Waste Profile is presented for each mission in sections 7.3, 7.4 and 7.5,
classified by type of payload. Missions for which quantified waste was available
include an attached Waste Inventory Form explained in section 7.2. Missions are
presented in numeric order within sections, for ease of location.

Each Mission Waste Profile includes the following major headings:

MISSION CONTACT - Mission contacts are listed with their associated

institutions. The contact who served as the primary mission data source and mission
Waste Profile reviewer is designated by a [*]. Full addresses for all contributors are
given in Appendix A-4.

MISSION DESCRIPTION - A short mission description is given which was
compiled from either the MRDB or documents supplied by the mission contacts.

OPERATIONAL LIFETIME - The estimated operational lifetime of the mission
hardware after on-orbit placement. At the end of this period the hardware might
require major refurbishment on the ground in order to be considered for
redeployment. Data sources were similar to that for Mission Description above.

SERVICING/MAINTENANCE INTERVAL -Estimated duration(s) of time

between planned on-orbit servicing. Data sources similar to that for Mission
Description with updating by mission contacts.

SERVICING SCENARIOS -

EVA (extra-vehicular activity) - Major servicing tasks (and candidate
waste items) conducted outside the Space Station or STS.

IVA (intra-vehicular activity) - Same as EVA but for inside the Space
Station or STS.

COMMON HARDWARE - Mission-related hardware items that were not

experiment-specific such as a multi-purpose workbench, glove box, or generic
experiment support facilities. These hardware items are frequently associated with

the generation and containment of waste.
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EXPERIMENT PAYLOADS - Experiment hardware which can be attached to or
used in conjunction with the Common Hardware described above. These hardware
items were frequently associated with the generation, but not necessarily

containment, of waste.

CONSUMABLES - Mission-related supplies which would be "consumed" on-orbit

during experiment-related and servicing-related tasks. These items would be prime
candidates for generation of waste. Some waste which originated as a consumable
item may be processed on-orbit or on the ground into a new consumable. Water

would be a prime candidate for this procedure.

LIMITED LIFE PARTS - Components of the mission-related hardware discussed
above which either have known lifetimes and must be replaced prior to their failure

during planned servicing or have highly variable lifetimes and are replaced upon
failure during contingency servicing. Some of these parts can be viewed as planned
or contingency waste items. Others may require failure analysis and be returned to
usefulness or disposed of on-orbit or on the ground.

WASTE ITEMS - These items were identified during analysis of the above areas

or were already known as wastes and could be quantified on the Waste Inventory
form attached to the mission Waste Profile form.

COMMENTS - Background information helpful for interpreting the mission

profile or waste data.

REFERENCES - The major references used to develop each Waste Profile are
listed below. The abbreviated title given is used to identify the reference in this
section for each mission. The number given is its number in Appendix A-3,
"References."
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4) BDM Study
6) ARC Greenbook
7) OSSA Redbook
8) MRDB
9) Space Station Mission Data Waste Management Requirements

Assessment

MMPF Study
Richard Williams Report

I0)
11)
12) TRW Payload Database
13) GSFC Miniworkshop Report
14) SAIC Operational Scenario for STO

15) TRMM memo
16) Lane et al. Study
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7.2 Wast_ Inventory Form Description

Waste Inventory Forms for each mission were produced by abstracting essential
data from the computer database. The total array of elements in this database is
described in Appendix A-2. Waste Inventory Forms were generated for ali
missions with quantifiable waste items. Each of the column headings in the Form
explained below.

is

The Hardware column in the form was used to define a specific hardware item
which was a source of waste. The Procedure column was used to define a specific
task or procedure (if pertinent) which generated or produced the waste. Most
missions did not call for use of this column.

The Waste Item column contains labels for distinguishable kinds of waste at the
lowest level of description. Each Waste Item row was given a unique Identification
Number (ID#) in the database, to allow items to be uniquely referred to, and to
permit restoration of the original ordering after database sorting to produce a
special report.

The Unit column provides an objective way of dividing waste into unitary amounts.
Some typical Units are one battery, the amount of gas leakage per recharge of a
vessel, or the amount of water used to clean a piece of apparatus after an
experiment. These units were essential for the computation of waste production
rates; they are relatively uninformative taken by themselves, however. In most
cases, this unit was created during the data entry phase. For mission SAAX 0401,
the Microgravity and Materials Processing Facility, the Unit designation is"l run"
which is the amount of waste produced during a specific processing experiment
cycle.

The Service Interval (SI) is listed for each Procedure/Waste Item in the Waste
Summary Form in months. Mission service intervals were obtained from various
sources and varied from 3 to 36 months. In the case of missions designed for the
pressurized modules where servicing could occur on a daily basis, the SI was still
listed as 3 months since more detailed data was not available at the time of this Study
and the focus was on 3 month waste totals.

The column labelled #/SI, is the number of Units produced per Service Interval.

This waste is not necessarily only related to servicing procedures, but includes all
waste produced during a given SI. For some waste items the number entered is "1"
to indicate that the waste item is generated continuously over time e.g., a gaseous
waste.
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The column labelled kg/SI in the Waste Inventory Form is the mass of the waste

Unit (in kilograms), multiplied by the number of Units generated per servicing
interval. When the mass of a waste item was estimated as a range, an average is used

for any computations. The raw data for Mass/Unit is not shown in the summary
table but is an element in the database shown in Appendix A-2.

The column labelled ltr/SI in the Waste Inventory Form provides estimates of
volume of the waste items in liters. Where mass only was provided for a waste

item, the volume was computed based on density values for the material. Volume of

gases was uniformly adjusted to Standard Temperature and Pressure (STP).

The Phase column was used to classify waste items into material categories or

phases of solid (S), liquid (L) and gas (G). The Code column allowed each item to
be qualitatively coded in a variety of ways, to support production of special reports.
The codes used included: B=bioactive; C=corrosive; F-flammable; R=radioactive;

S=sharp; and T=toxic. Obviously, these codes will be important when future waste
handling, containerization, processing, transport, and disposal issues are addressed.
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7.3 Laboratory_ Module Missions

7.3.1 SAAX 0307 -- Life Sciences Lab (LSL)

MISSION CONTACT(S): Gary Primeaux (JSC), LaDonna Miller (JSC m

MATSCO), Caye Johnson (ARC)*, Steve Corbin (ARC -- MATSCO)

MISSION DESCRIPTION: The LSL is located in a pressurized module. It will

support conduct of a full spectrum of life science research using humans, animals
and plants as subjects. With the addition of an animal and plant vivarium and lab
module (SAAX 0302) post-IOC, the LSL may convert to a human research lab
(SAAX 0303). The LSL will be outfitted with animal and plant life support and
growth facilities, specimen maintenance systems, physiological monitoring
instruments, stowage, a workbench, freezers, data collection and management
systems.

OPERATIONAL LIFETIME: TBD

SERVICING/MAINTENANCE INTERVAL: Minor daily, major each 90 days.

SERVICING SCENARIOS:
EVA: None identified.

IVA: Specimen maintenance, biosample acquisition, on-board
sample processing, laboratory maintenance, and cleaning will all

produce waste.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: Reference payload from Greenbook and Redbook
(see References below).

CONSUMABLES: See following table.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: See following table.

COMMENTS: Contingency servicing may be necessary to support animal specimen
welfare if vivarium has major failure. Logistics module might serve as backup
animal life support system, or subjects may be humanely euthanized within the
enclosed workbench.

REFERENCES: ARC SLA Greenbook, OSSA Redbook, BDM study, MRDB,
Space Station Mission Data Waste Management Requirements Assessment (July 1,
1986)
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7.3 Laboratory_ Module Missions
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7.3.2 SAAX 0401 --Microgravity and Materials Processing Facility (MMPF)

MISSION CONTACT(S): Donald Wrublik (HQ), Charles Baugher (MSFC), Danny
Xenofos (MSFC), Wheeler Vann (Teledyne-Brown Engineering)*.

MISSION DESCRIPTION: The MMPF is housed in a pressurized laboratory

module. The baseline configuration calls for approximately 26 double equipment
racks. For the purposes of this study, a mission scenario which emphasizes science

experiments, using current technology, is followed in generating waste estimates.
This equipment consists of the experimental facilities and support equipment plus
characterization equipment. This scenario assumes 24 N/day manned operation of
the MMPF; the equipment utilization rate ranges from 2% to 100%.

OPERATIONAL LIFETIME: TBD

SERVICING/MAINTENANCE INTERVAL: Replenishment from logistics
module every month; reconfiguration of facilities as often as every 6 months.

SERVICING SCENARIOS:

EVA: None identified for SAAX 0401. Proposed attached payload
associated with MMPF (SAAX 0402) is not considered in this study.

IVA: Servicing is defined as including consumables resupply, equipment

changeout, and equipment repair outside the MMPF. Fresh raw
materials will be brought to the MMPF by the STS as frequently as
possible, and sample products and waste will be returned to earth on the
return flight. Equipment changeout (whole or partial pre-configured
racks) may occur every 3 months.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: Scientific experiments are TBD; current estimates

are based on Scientific Payload Scenario from MMPF Study.

CONSUMABLES: See following table.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS:

COMMENTS:

See following table.

REFERENCES: MRDB, BDM Study, MMPF Study (June 30, 1986).
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7.4 External Attached Payloads

7.4.1 SAAX 0001 m Cosmic Ray Nuclei Experiment (CRNE)

MISSION CONTACT(S): Vernon Jones (HQ)*, Jacques L'Heureux (Univ. of
Chicago), Dr. Dietrich Muller (Univ. of Chicago)

MISSION DESCRIPTION: Electronic counter telescope consisting of two
scintillation counters, two Cerenkov counters, a transition radiation detector system
each followed by a multi-wire proportional counter, all inside a pressurized
container attached to upper boom. Power, telemetry, pointing, and contamination
control requirements saUsfied by Station. View direction anti-earth; no part of
station in 140 ° field of view.

OPERATIONAL LIFETIME: Two-year exposure baselined for early IOC.

SERVICING/MAINTENANCE INTERVAL: No on-orbit servicing planned.

SERVICING SCENARIO
EVA: No service required.

IVA: None

COMMON HARDWARE: None; simple mounting fixture including power and
data buses.

EXPERIMENT PAYLOADS: Self-contained (sealed) instrument package.

CONSUMABLES: 360 kz "lzases" (olus 165 kg container) used during lifetime to
maintain instrument enviro-nrffent; N2"-CO 2 mixture, or Xe-Methane-He mixture,

previously used on Spacelab 2.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: None.

COMMENTS: Gas mixture to be used on Space Station will be one of two
mentioned in Consumables. There is no recharging, so no containers will be
removed. May require active cooling which in tum may require linkage to Space
Station heat rejection system.

REFERENCES: MRDB, BDM Study
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7.4 External Attached P_yloads

7.4.2 SAAX 0010 -- Advanced Solar Observatory/Solar Optical Telescope
(ASO/SOT) Mission

MISSION CONTACT(S): Dr. Gabriel Epstein (GSFC)*

MISSION DESCRIPTION: To study the physics Of the Sun on the scale at Which
many of its important physical processes occur. The SOT facility will be composed
of an optical telescope, an instrument pointing subsystem, and a set of focal plane
instruments.

OPERATIONAL LIFETIME: 10 years.

SERVICING/MAINTENANCE INTERVAL: 12 month maintenance and/or

instrument upgrade. Film changeout approximately oncelmonth (exact interval
TBD).

SERVICING SCENARIOS:
EVA: Component replacement, instrument or facility module
replacement, film canister changeout.

IVA: Monitor EVA activities, operate Mobile Remote Manipulator
System, repair instruments.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: 1.0 m optical telescope, focal plane instruments,
instrument pointing subsystem.

CONSUMABLES: Film for photometric filtergraph.

LIMITED LIFE PARTS: None identified. .

WASTE ITEMS: See following table.

COMMENTS: Film changeout procedure may transition to teleoperations or
robotics. If a charge-coupled device is adopted, film changeout no longer
necessary. SOT is current instrument; will become High Resolution Solar

Obse_atory (HRSO) forSpace S!at!on ............. _ . _

REFERENCES: MRDB, BDM Study, "Space Station Attached Payload
Accommodation Requirements Definition for the Solar Optical Telescope",
Advanced Missions Analysis Office, Goddard SFC, March 1985 (DRAFT)
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7.4 External Attached Payloads

7.4.3 SAAX 0010A m Advanced Solar Observatory/Solar Optical Telescope
(ASO/SOT) Mission Servicing

MISSION CONTACT(S): Dr. Gabriel Epstein (GSFC)*

MISSION DESCRIPTION: Maintain instrument performance, replace film, and
upgrade focal-plane instruments. Servicing is performed on the Space Station.

OPERATIONAL LIFETIME: N/A

SERVICING/MAINTENANCE INTERVAL: 12 month maintenance and/or

instrument upgrade. Film changeout approximately once/month (exact interval
TBD).

SERVICING SCENARIOS:
EVA: See 7.4.2, SAAX 0010.

IVA: See 7.4.2, SAAX 0010.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: See 7.4.2, SAAX 0010.

CONSUMABLES: Film for photometric filtergraph.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: See following table.

COUNTS: Film changeout procedure may transition to teleoperations or
robotics. If a charge-coupled device is adopted, film changeout no longer
necessary. SOT is current instrument; will become High Resolution Solar
Observatory (HRSO) for Space Station

REFERENCES: MRDB, BDM Study, "Space Station Attached Payload ,,
Accommodation Requirements Definition for the Solar Optical Telescope,
Advanced Missions Analysis Office, Goddard SFC, March 1985 (DRAFT)
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7.4 External Attached Payloads

7.4.4 SAAX 0011 -- Advanced Solar Observatory: Pinhole/Occulter Facility
(ASO/POF) Mission

MISSION CONTACT(S): Bill Roberts (MSFC), Hugh Hudson (UCSD)*

MISSION DESCRIPTION: The POF will study the phenomena of plasma
dynamics in the solar corona that are far from equilibrium and to observe the
acceleration of non-thermal particles in solarflares and coronal disturbances. These
are observed with X-ray and coronagraphie equipment.

OPERATIONAL LIFETIME: 15 years.

SERVICING/MAINTENANCE INTERVAL: 5 years.

SERVICING SCENARIOS:
EVA: Replace sealed proportional counters, replace other
components or instruments as needed.

IVA: Monitor EVA activities, operate Mobile Remote Manipulator
System, repair instruments.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: X-ray detectors, solar coronal imaging optics,
coronagraph/spectrometer, visible/UV coronagraph, occulter plane (pinhole mask,
occulting edge and disk mounted on end of 32 meter boom).

CONSUMABLES: None identified.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: See following table.

COMMENTS: Instrument changeout or upgrade is not firmly planned at this time.

REFERENCES: MRDB, BDM Study
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7.4 External Attach¢d Payloads

7.4.5 SAAX 0011A n Advanced Solar Observatory: Pinhole/Occulter Facility
(ASO/POF) Mission Servicing

MISSION CONTACT(S): Bill Roberts (MSFC), Hugh Hudson (UCSD)*

MISSION DESCRIPTION: Maintain instrument performance, upgrade existing
instruments, and install new instruments in the instrument plant of the facility.
Servicing done on the Space Station.

OPERATIONAL LIFETIME: N/A

SERVICING/MAINTENANCE INTERVAL: 5 years.

SERVICING SCENARIOS:
EVA: Replace sealed proportional counters, replace other
components or instruments as needed.

I
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IVA: Monitor EVA activities, operate Mobile Remote Manipulator
System, repair instruments.

COMMON HARDWARE: See 7.4.4, SAAX 0011.

EXPERIMENT PAYLOADS: See 7.4.4, SAAX 0011.

CONSUMABLES: None identified.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: None identified.

COMMENTS: Instrument changeout or upgrade is not firmly planned at this time.

REFERENCES: MRDB, BDM Study
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7.4 External Attached P_ayloads

7.4.6 SAAX 0021 -- Superconducting Magnet Facility (SMF)

MISSION CONTACT(S): Jonathan Ormes (GSFC), Vernon Jones (HQ)*

MISSION DESCRIPTION: This facility will study cosmic my phenomena, search
for antimatter (antinuclei, antiprotons) and probe galactic magnetic fields. Attached
P/L (top boom); power, telemetry requirements supplied by the Station.

OPERATIONAL LIFETIME: Indeterminate; at least 7 years (MRDB).

SERVICING/MAINTENANCE INTERVAL: One year.

i SERVICING SCENARIO
EVA: Change out particle detectors; recharge liquid helium dewar.

IVA: Monitor EVA, operate Mobile Remote Manipulator System.

COMMON HARDWARE: Mounting fixture, power supply, telemetry equipment.

EXPERIMENT PAYLOADS: Science instruments (TBD).

CONSUMABLES: Liquid helium (250 kg) in 2200 kg container.

LIMITED LIFE PARTS: Charged particle track detectors.

WASTE ITEMS: See attached table

COMMENTS: Detector change out when experiment objectives change.

REFERENCES: MRDB, BDM Study, "ASTROMAG, The Particle Astrophysics
Magnet Facility", MS from NASA Code EZ, 1986
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7.4 External Attached Piayloads

7.4.7 SAAX 0030 -- Space Station Hitchhiker 1 (HH1)

MISSION CONTACT(S): Ted Goldsmith (GSFC)*

MISSION DESCRIPTION: The existing Hitchhiker-G Protgram is designed to
efficiently fly small payloads on the Shuttle mounted either m opening door
canisters or on mounting plates and with simple standard electrical interfaces. The
Space Station Hitchhiker would maintain these same customer mechanical and
electrical interfaces to allow shuttle instruments to move up to Space Station with
little or no modification. The Space Station version will have a cross-bay structure
and will accommodate up to 12 customer instruments in canisters or on plates. The
entire carrier would be changed out periodically and there may be requirements for
EVA changeout of feedstock/product, film or instruments for individual customer
payloads.

OPERATIONAL LIFETIME: 3 months to 3 years for experiments; platform
lifetime indefinite.

SERVICING/MAINTENANCE INTERVAL: Indefinite (for platform itself).

SERVICING SCENARIOS:

EVA: Change out HH payloads (modular).

IVA: Monitor EvA (possibly assist using Mobile Remote
Manipulator System).

COMMON HARDWARE: None identified.

EXPERIMENT PAYLOADS: Experiment dependent.

CONSUMABLES: None (on platform).

WASTE ITEMS: None identified.

COMMENTS: Possible use of robotics or teleoperation to change out payloads.
Payloads defined by individual investigators; some payload modules may require
SS storage for aperiod of time dependent on STS fhght schedules. No plans at this
time to adapt MSFC cross-bay (bridge) HH configuration to SS use.

REFERENCES: MRDB, BDM Study
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7.4 External Attached Payloads

7.4.8 SAAX 0031 -- Space Station Hitchhiker 2 (HH2)

MISSION CONTACT(S): Ted Goldsmith (GSFC)*

MISSION DESCRIPTION: The existing Hitchhiker-G Program is designed to
efficiently fly small payloads on the Shuttle mounted either in opening door
canisters or on mounting plates and with simple standard electrical interfaces. The
Space Station Hitchhiker would maintain these same customer mechanical and
electrical interfaces to allow shuttle instruments to move up to Space Station with
little or no modification. The Space Station version will have a cross-bay structure
and will accommodate up to 12 customer instruments in canisters or on plates. The
entire carrier would be changed out periodically and there may be requirements for
EVA changeout of feedstock/product, film or instruments for individual customer
payloads.

OPERATIONAL LIFETIME: 3 months to 3 years (TBD).

SERVICING/MAINTENANCE INTERVAL: 6 months.

SERVICING SCENARIOS:
EVA: Change out HH payloads (modular).

IVA: Monitor EVA (possibly assist using Mobile Remote
Manipulator System).

COMMON HARDWARE: None identified.

EXPERIMENT PAYLOADS: Experiment dependent.

CONSUMABLES: None (on platform).

WASTE ITEMS: None identified.

COMMENTS: Possible use of robotics or teleoperation to change out payloads.
Payloads defined by individual investigators; some payload modules may require
SS storage for aperiod of time dependent on STS flight schedules. No plans at this
time to adapt MSFC cross-bay (bridge) HH configuration to SS use.

REFERENCES: MRDB, BDM Study



7.4 External Attached Payloads

7.4.9 SAAX 0032 m Space Station Hitchhiker 3 (HH3)

MISSION CONTACT(S): Ted Goldsmith (GSFC)*

MISSION DESCRIPTION: The existing Hitchhiker-G Program is designed to
efficiently fly small payloads on the Shuttle mounted either m opening door
canisters or on mounting plates and with simple standard electrical interfaces. The
Space Station Hitchhiker would maintain these same customer mechanical and
electrical interfaces to allow shuttle instruments to move up to Space Station with
little or no modification. The Space Station version will have a cross-bay structure
and will accommodate up to 12 customer instruments in canisters or on plates. The
entire carder would be changed out periodically and there may be requirements for
EVA changeout of feedstock/product, film or instruments for individual customer
payloads.

OPERATIONAL LIFETIME: 3 months to 3 years (TBD).

SERVICING/MAINTENANCE INTERVAL: 6 months.

SERVICING SCENARIOS:
EVA: Change out HH payloads (modular).

IVA: Monitor EVA (possibly assist using Mobile Remote
Manipulator System).

COMMON HARDWARE: None identified.

EXPERIMENT PAYLOADS: Experiment dependent.

CONSUMABLES: None (on platform).

WASTE ITEMS: None identified.

COMMENTS: Possible use of robotics or teleoperation to change out payloads.
Payloads defined by individual investigators; some payload modules may require
SS storage for aperiod of time dependent on STS fhght schedules. No plans at this
time to adapt MSFC cross-bay (bridge) HH configuration to SS use.

REFERENCES: MRDB, BDM Study
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7.4 External Attached Payloads

7.4.10 SAAX 0112 m Cosmic Dust Collection Experiment (CDCE)

MISSION CONTACT(S): Fredrich Horz (JSC)*

MISSION DESCRIPTION: The objective is to determine _e nature, abundance,
distribution and character of cosmic dust particles by collecting such particles and
measuring their orbital trajectories. There is a variety of experiments and collecting
panels which are deployed and retrieved from the Space Station.

OPERATIONAL LIFETIME: 10-15 years.

SERVICING/MAINTENANCE INTERVAL: 3 months.

SERVICING SCENARIOS:
EVA: Dust collector cell changeout.

IVA: Monitor EVA.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: Cuboidal framework containing cell units, attached to
end of boom.

• :_±7,

CONSUMABLES: Small (5 x 5 cm) aperture cells to collect dust particles.

LIMITED LIFE PARTS: Small (5 x 5 cm) aperture cells to collect dust particles.

WASTE ITEMS: See following table.

COMMENTS: "Fresh" cells stored in logistics module; strictly speaking, the cells
are not consumables' since they are primary means of data collection and must be
returned to earth for study.

REFERENCES: MRDB, BDM Study, "Trajectory Determinations and Collection of
Micrometeoroids on the Space Station", LPI Technical Report number 86-05, Lunar
and Planetary Institute, Houston, 1986
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7.4 External Attached Payloads

7.4.11 SAAX 0115 -- Astrometric Telescope - Extrasolar (AT)

MISSION CONTACT(S): Jurgen Rahe (HQ), Kenji Nishioka (ARC)*

MISSION DESCRIPTION: This mission will determine _e existence of
Uranus/Neptune size planets orbiting nearby stars by detecting small variations in
stellar motions. The mission consists of an astrometric telescope attached to the
manned station which will produce stellar positional information over a period of
many years.

OPERATIONAL LIFETIME: 10-20 years.

SERVICING/MAINTENANCE INTERVAL: 5 years.

SERVICING SCENARIOS:
EVA: Replacement of components or facility modules.

IVA: Monitor EVA (possibly operate Mobile Remote Manipulator
System); possible contingency repair of failed components inside
pressurized module.

COMMON HARDWARE: Embedded Data Processor (EDP), Standa3d Data
Processor (SDP), Multiplexer/Demultiplexer (MDM), Network Interface Unit
(NIU) (Note: all of the preceding are SS DMS common Electronics); Power
Converter Boards -- SS Power S/S Common Hardware.

EXPERIMENT PAYLOADS: 1.1-1.5 m diameter reflecting telescope, focal plane
instrumentation.

CONSUMABLES: None.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: None identified.

COMMENTS:

REFERENCES: MRDB, BDM Study
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7.4 Extem_al A_t_ached Payloads

7.4.12 SAAX 0207 m Solar Terrestrial Observatory (STO)

MISSION CONTACT(S): Bill Roberts (MSFC)*

MISSION DESCRIPTION: The STO is a collection of 11 separate experiments
(instruments) mounted on the SS structure (upper and lower booms), on 3
Spacelab-type pallets, on a boom or MRMS, or on a polar platform or other
free-flyer bus.

OPERATIONAL LIFETIME: Overall observatory, 10 years -- specific
instruments have other lifetimes.

SERVICING/MAINTENANCE INTERVAL: Instruments require servicing every
1-36 months.

SERVICING SCENARIOS:
EVA: Refer to individual experiments (SAAX 0207A-J).

IVA: Refer to individual experiments (SAAX 0207A-J).

COMMON HARDWARE: Pallets with standard interface connectors and cold
plates for heat dissipation from active experiments.

EXPERIMENT PAYLOADS: Eleven interrelated instrument packages -- refer to
individual experiments (SAAX 0207A-J).

CONSUMABLES: Refer to individual experiments (SAAX 0207A-J).

LIMITED LIFE PARTS: Refer to individual experiments (SAAX 0207A-J).

WASTE ITEMS: See following tables for individual experiments.

COMMENTS: This "mission" includes several experiments, each of which is
treated as a separate mission in the MRDB. This report covers seven of the 11
planned experiments.

REFERENCES: MRDB, BDM Study, Payload Database (TRW), GSFC
Miniworkshop Report, SAIC Operational Scenario for STO.
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7.4 Ext¢mal Attached Payloads

7.4.13 SAAX 0207A -- Active Cavity Radiometer Irradiance Monitor (ACRIM)

MISSION CONTACT(S): R. C. Willson (JPL)*

MISSION DESCRIPTION: ACRIM comprises three active cavity radiometer
detectors (pyroheliometers), electrically self-calibrated, which measure total solar
irradiance from far UV through far IR with maximum accuracy and precision.

OPERATIONAL LIFETIME: 5 years.

SERVICING/MAINTENANCE INTERVAL: 1 year.

SERVICING SCENARIOS:

EVA: Contingency component changeout, configuration change.

IVA: Radiometer calibration (JPL reference instrument).

COMMON HARDWARE: Protective door.

EXPERIMENT PAYLOADS: Radiometers.

CONSUMABLES: None identified.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: None identified.

COMMENTS:

REFERENCES: MRDB, BDM Study, Payload Database (TRW), GSFC
Miniworkshop Report, SAIC Operational Scenario for STO.
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7.4 JExl_emal Attached Payloads

7.4.14 SAAX 0207C p Solar UV High Resolution Telescope and Spectrograph
(HRTS)

MISSION CONTACT(S): Dr. Guenter Brueckner (NRL)*

MISSION DESCRIPTION: HRTS contains instruments to measure energy output
of the sun and of solar flares, prominence, spicules, etc. in the 117.6-179 nm UV
range with high spatial resolution, high spectral resolution, and large linear
coverage.

OPERATIONAL LIFETIME: 7 years.

SERVICING/MAINTENANCE INTERVAL: 1 month.

SERVICING SCENARIOS:
EVA: Film changeout, possible optical element changeout (if
contaminated), contingency component changeout, inspection.

IVA: Component repair, EVA monitoring.

COMMON HARDWARE: Protective door on canister, thermal protection canister.

EXPERIMENT PAYLOADS: Telescope, UV spectrograph, broad-band
heliograph, H alpha slit display system.

CONSUMABLES: Film (cartridge).

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: See following table.

COMMENTS: Film must be protected from radiation to avoid fogging.

REFERENCES: MRDB, BDM Study, Payload Database (TRW), GSFC
Miniworkshop Report, SAIC Operational Scenario for STO.
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7.4 External Attached Payloads

7.4.15 SAAX 0207E -- Solar UV Spectral Irradiance Monitor (SUSIM)

MISSION CONTACT(S): Dr. Guenter Brueckner (NRL)*

MISSION DESCRIPTION: SUSIM contains instruments designed to measure
irradiance in specific solar UV spectral regions (120-400 nm, both continuum and
line, comparative measurements above and below 208 nm) with great accuracy.

OPERATIONAL LIFETIME: 5 years.

SERVICING/MAINTENANCE INTERVAL: 6 months major EVA, daily IVA
maintenance.

SERVICING SCENARIOS:

EVA: Calibration, contingency component changeout (failed
components).

IVA: Calibration/stability tracking, component repair.

COMMON HARDWARE: Steel canister (sealed), protective door.

EXPERIMENT PAYLOADS: Scanning spectrometer (2), 5 photo diodes, 2 photon
counters, calibration light source (deuterium lamp).

CONSUMABLES: Argon.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: Argon container.

COMMENTS: Calibration/stability tracking (IVA) performed daily.

REFERENCES: BDM, STO Payload Database, SAIC Operational Scenario
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7.4 External Attached Payloads

7.4.16 SAAX 0207F m Space Experiments with Particle Accelerators (SEPAC)

MISSION CONTACT(S): J. L. Burch (SWRI)*

MISSION DESCRIPTION: SEPAC is an active experiment; the instrument injects
particle beams into the plasma/atmospheric environment of Space Station and
resulting phenomena are observed by TV camera, and by plasma and field
diagnostic instrumentation.

OPERATIONAL LIFETIME: 5 years.

SERVICING/MAINTENANCE INTERVAL: Battery inspection, 3 months;
gas/filament resupply, 6 months; battery resupply, 6 months.

SERVICING SCENARIOS:

EVA: Replace batteries, remove accelerator head (to be brought
inside), replenish N 2, remove and replace other (failed)
components as needed.

IVA: Replace cathode in accelerator head, monitor EVA, possibly
repair electronics.

COMMON HARDWARE: Pallet interfaces with SS power supply. Internal
rack-mounted power control,

EXPERIMENT PAYLOADS: Electron accelerator, plasma accelerator, N 2 release
device, particie and field diagnostic instruments, low-light TV.

:=

CONSUMABLES: Nitrogen, argon, and xenon gas.

LIMITED LIFE PARTS: Electron beam cathode, batteries.

WASTE ITEMS: See following table.

COMMENTS: SEPAC coordinated with 6 other STO experiments by payload
specialist.

REFERENCES: MRDB, BDM Study, Payload Database (TRW), GSFC
Miniworkshop Report, SAIC Operational Scenario for STO.
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7.4 External Attached Payloads

7.4.17 SAAX 0207G w Waves in Space Plasma (WISP)

MISSION CONTACt(S): William W. L. Taylor _W)*

MISSION DESCRIPTION: WISP is a package of radio transmitters and receivers
which will enable study of the magnetosphere, ionosphere and atmosphere. It Is a
pallet-mounted active experiment broadcasting in lkHz-30mHz range, and has a
dipole antenna extendable to 300 m tip-to-tip.

OPERATIONAL LIFETIME: 5 years.

SERVICING/MAINTENANCE INTERVAL: TBD.

SERVICING SCENARIOS:
EVA: TBD.

IVA: TBD.

COMMON HARDWARE: Pallet, diagnostic an d support equipment.::

EXPERIMENT PAYLOADS: Plasma wave transmitters, receivers, antennas.

coNSUMABLES: None.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: None identified,

COMMENTS: No servicing currently planned, but there may be some component
change0uts.

REFERENCES: MRDB, BDM Study, Payload Database (TRW), GSFC
Miniworkshop Report, SAIC Operational Scenario for STO.
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7.4 Et_4g_m_l Attached Payloads

7.4.18 SAAX 0207H -- Theoretical and Experimental Beam Plasma Physics
(TEBPP)

MISSION CONTACT(S): H.R. Anderson (SAIC)*

MISSION DESCRIPTION: Diagnostic system used in connection with SEPAC or
other accelerators to measure various aspects of the interaction of an electron beam
with ionospheric plasma and the neutral atmosphere. Package of 5 instruments
mounted on a boom on MRMS.

OPERATIONAL LIFETIME: 5 years.

SERVICING/MAINTENANCE INTERVAL: No fixed interval; no planned
servicing.

SERVICING SCENARIOS:
EVA: None planned.

IVA: None planned.

COMMON HARDWARE: MRMS grapple fixture with power bus.

EXPERIMENT PAYLOADS: Plasma probe, plasma wave receiver, particle
spectrometer, neutral density detector, photometer.

CONSUMABLES: None.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: See following table.

COMMENTS: There have been discussions of conducting the TEBPP mission as a
free-flyer. TEBPP operates in conjunction with SEPAC and AEPI.

REFERENCES: MRDB, BDM Study, Payload Database (TRW), GSFC
Miniworkshop Report, SAIC Operational Scenario for STO.
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7.4 External Attached Payloads

7.4.19 SAAX 0250 n Hitchhiker 4 (HH4) (also called Earth Radiation Budget
Experiment n ERBE)

MISSION CONTACT(S): Robert Schiffer (HQ)*

MISSION DESCRIPTION: To sample the radiative output of the tr0picsas a
function of time of day. Mounted on Earth viewing surface of manned Space
Station, it is to be operated continuously and repaired if necessary.

OPERATIONAL LIFETIME: 3 months to 3 years (TBD).

SERVICING/MAINTENANCE INTERVAL: 6 months (TBD).

SERVICING SCENARIOS:
EVA: None (see comments).

IVA: None (see comments).

COMMON HARDWARE: None identified.

EXPERIMENT PAYLOADS: Instruments are similar to _os_e c_ed aboard the
current ERBSsateilite, consisting of so,inning and non-scanning modules. Each
module measures reflected short wave (<5 um) solar radiation and Earth em]tt-ed
longwave (>5 um) thermal radiation. The direct solar irradiance is also measured.

CONSUMABLES: None.

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: None identified.

COMMENTS: As a Hitchhiker experiment, there are no plans for on-orbit
servicing; however, either SS or STS crew will have to mount payload on HH
platform.

REFERENCES: MRDB, BDM Study
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7.4 Ex$ern_al Attlached Payloads

7.4.20 SAAX 0251 -- Tropical Rainfall Mapping Mission (TRMM)

MISSION CONTACT(S): Gerald North (Texas A & M), Tom Keating (GSFC)*

MISSION DESCRIPTION: This experiment willl measure tropical rainfall
(minimum of 3 years data) in order to increase understanding of energetic and
hydrologic processes.

OPERATIONAL LIFETIME: 10 years.

SERVICING/MAINTENANCE INTERVAL: 1-3 years. Specific component
schedules: 1 year -- calibration; 3 years -- instrument changeout and replacement
or refurbishment; as required (up to 6 years) -- scan motor replacement, processor
repair, mirror cleaning.

SERVICING SCENARIOS:
EVA: Contingency removal/replacement of components and
instruments, calibrat,on of sensors.

IVA: Clean AVHRR mirrors, repair motor, processor, refurbish
ESMR or AVHRR.

COMMON HARDWARE: None identified.

EXPERIMENT PAYLOADS: Experiment package consists of three individual
instruments -- an Advanced Very High Resolution Radiometer (AVHRR), an
Electrically Scanned Microwave Radiometer (ESMR) and a 2-frequency scanning
meteorological radar. These three instruments work together al_ough they can be
mounted individually.

CONSUMABLES: None if attached payload; propellant if free-flyer

LIMITED LIFE PARTS: None identified.

WASTE ITEMS: TBD.

COMMENTS: Preferred mode would be as free-flyer, with a minimum orbital
altitude of 300 km.

REFERENCES: MRDB, BDM Study, Memorandum: "TRMM Phase-A
Implementation Plan... , Code 402, Goddard Spaceflight Center, June 1986.
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7.4 External Attached Payloads

7.4.21 SAAX 0502 m Space-Based Antenna Test Range (SBAR)

MISSION CONTACT(S): Thomas Campbell (LaRC)*

MISSION DESCRIPTION: The mission objectjv_ is to t_es_tcommunication links
and determine antenna characteristics of new or experimental antennas on free-_lyers
or communications satellites prior to their deployment. A two-person crew will
work in the pressurized area, m conjunction with a dedicated remotely-_c_ontrolled
and instrumented free-flyer. The spacecraft or antenna to be tested would be
attached to the station while the SBAR free-flyer with RF test equipment would
co-orbit 20-200 nmi from SS and intercept and relay their antenna patterns back to
the Space Station for analysis. A window adjacent to the crew workstation is
required for visual observations.

OPERATIONAL LIFETIME: 15 years.

SERVICING/MAINTENANCE INTERVAL: 1 month

SERVICING SCENARIOS:
EVA: Change out equipment approximately every 20 days (this

activity considered operational inBDM study); assemble/deploy
free flyer; refuel free flyer; remove/replace spacecraft
components.

IVA: Monitor EVA; repair spacecraft components or test
equipment. '_

COMMON HARDWARE: MMS-type spacecraft with propulsion, attitude control,
power, and communications/data handling subsystems. Spacecraft also fitted with
test antenna, high-gain antenna, and (possibly) solar arrays. Test area on SS
(external) has mounting interfaces (some steerable) for antennas to be tested,
possibly also a thermalshroud/shield.

EXPERIMENT PAYLOADS: Test electronics and antenna for specific tests.

CONSUMABLES: Free-flier propellan t (type TBD).

LIMITED LIFE PARTS: None identified.
L? = =

WASTE ITEMS: None identified at present; see Comments.

COMMENTS: This mission is currently unfunded and planning is at the basic
science stage, so all information is tentative. Dick Kurz at JSCis tracking
equipment to be used inside pressurized module.

REFERENCES: MRDB, BDM Study
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7.5 Free-flyers and Co-orbiting Platforms

7.5.1 SAAX 0004 m Space Infrared Telescope Facility (SIRTF) Mission

MISSION CONTACT(S): Larry Manning (ARC), Chris Wiltsee (ARC)*

MISSION DESCRIPTION: To determine the composition, structure, and evolution
of infrared sources and the nature of the physical processes occurring in them. The
telescope is cryogenicall), cooled by liqmd helium to temperatures below 10 K to
assure that the radiation trom the telescope itself is below the natural thermal noise
background.

OPERATIONAL LIFETIME: 5 years (10 year goal).

SERVICING/MAINTENANCE INTERVAL: 18-24 months.

SERVICING SCENARIOS:
EVA: Place protective covers on contamination-sensitive
components and remove before redeployment; attach/detach
c_ogen transfer lines; maintain support systems, change out
faded components.

IVA: Deploy OMV to retrieve SIRTF; monitor EVA operations;
monitor 6ryogen transfer; deploy SIRTF to orbit using OMV; repair
components (contingency) inside pressurized module.

COMMON HARDWARE: Present baseline SIRTF makes use of Multimission
Modular Spacecraft (MMS) subsystems, including ACS, C&DH, and MPS
modules, plus HST reaction wheels and SA/HGA from Landsat 4.

EXPERIMENT PAYLOADS: Infrared Array Camera, Infrared Spectrometer,
Multiband Imaging Photometer.

CONSUMABLES: Cryogen-superfluid helium, duct tape.

LIMITED LIFE PARTS: Batteries, tape recorders, solar arrays, other components
not identified.

WASTE ITEMS: Gaseous helium vented at ~ 6.4 mg/sec, 250 K, from SIRTF
throughout mission, helium container.

COMMENTS: Co-orbiting platform mounting option under consideration, but
initial version will fly on Multimission Modular Spacecraft (MMS) bus. Helium
loss during servicing would increase dramatically if SIRTF is allowed to warm up.
Helium container also used by other astrophysics missions, e.g. SMF and AXAF.

REFERENCES: BDM Study, MRDB, Customer Servicing Requirements
Databook
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7.5 Free-flyers and Co-orbiting Platforms

7.5.2 SAAX 0004A -- Space Infrared Telescope Facility (SIRTF) Servicing

MISSION CONTACT(S): Larry Manning (ARC), Chris Wiltsee (ARC)*

MISSION DESCRIPTION: Service externally accessible equipment and resupply
superfluid helium. SIRTF will be retrieved by the OMV and serviced at the Space
Station.

OPERATIONAL LIFETIME: N/A

SERVICING/MAINTENANCE INTERVAL: 18-24 months.

SERVICING SCENARIOS:
EVA: Place protective covers on contamination-sensitive
components and remove before redeployment; attach/detach
cryogen transfer lines; maintain support systems, change out
failed COmpOnents. __ --__ _ _ :_....... _ !':_-: _:_:_'=_ __=

IVA: Deploy OMV to retrieve SIRTF; monitor EVA operations;
monitor cryogen transfer; redeploy SIRTF using OMV;
(contingency) repair components inside pressurfzed module.

COMMON HARDWARE: See followingtab!e, _

EXPERIMENT PAYLOADS: Infrared Array Camera, Infrared Spectrometer,
Multiband Imaging Photometer.

CONSUMABLES: Superfluid helium, tape.

LIMITED LIFE PARTS: Batteries, tape recorders, solar'arrays, other components
not identified.

WASTE ITEMS: See following table.

REFERENCES:
Databook ,

BDM Study, MRDB, Customer Servicing Requirements
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7.5 Free-flyers and Co-orbiting Platforms

7.5.3 SAAX 0012 m Hubble Space Telescope (HST) Servicing

MISSION CONTACT(S): Jim Welch (HQ)*

MISSION DESCRIPTION: Free-flying celestialpointer, 700 km, 28.5 ° orbit. No
on-board boost capability (serviced/reboosted by OMV). Contains Optical
Telescope Assembly (OTA), Science Instruments (SI's, 6), and Systems Support
Module (SSM, 10 bays).

OPERATIONAL LIFETIME: 15 years

SERVICING/MAINTENANCE INTERVAL: 3 years (first servicing from STS)

SERVICING SCENARIO
EVA i HST will be retrieved from orbit and brought to SSby 0MV.
ORU s (OSU s) including SIs will be changed out for replacements
carried on Spacelab pallet, stored extemall_' at SS in thermally
controlled environment. Some SIs purgeawith dry N 2.

IVA: Contingency repairs of some OSU's contemplated, as is on
orbit servicing of some Srs -

COMMON HARDWARE: Systems Support Module (SSM), support structure with
protective doors.

EXPERIMENT PAYLOADS: Optical telescope assembly and science instruments.

CONSUMABLES: Dry N 2, lubricants, tape.

LIMITED LIFE PARTS: Batteries, tape recorders.

WASTE ITEMS: See following table.

COMMENTS: Paper estimate based on 10 sheets ordinary paper, 8.5 x 11 inches.
OMV waste (if any) not attributed to HST.

REFERENCES: MRDB, BDM Study, Customer Servicing Requirements
Databook
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7.5 Free-flyers and Co-orbiting Platforms

7.5.4 SAAX 0013 m Gamma Ray Observatory (GRO) Servicing

MISSION CONTACT(S): Eugene Humphrey (GSFC)*

MISSION DESCRIPTION: Free-flying celestial pointer, 40_0 k_m_.28.5° orbit,
Integrated science experiments and spacecraft. Four science experiments,
propulsion subsystem (hydrazine), solar arrays and hi-gain antenna, modules from
MMS (2 power modules, 1 C&DH module).

OPERATIONAL LIFETIME: 4.5 years.

SERVICING/MAINTENANCE INTERVAL: 27 months.

SERVICING SCENARIO
EVA: After retrieval by OMV, failed/malfunctioning subsystems
replaced in servicing bay, hydrazine tanks refueled (1230 kg) in
refueling bay. One of the four experiments may be upgraded by
change-out. Refurbished GRO tested and reorbited.

IVA: No contingency repairs of science experiments planned.

COMMON HARDWARE: MMS-type modules (C&DH, MPS); solar arrays,

high-gain antennas.
i
i

EXPERIMENT PAYLOADS: Science instruments.

CONSUMABLES: Hydrazine (1800 kg).

LIMITED LIFE PARTS: Batteries (in power module), tape recorders (C&DH
module). _

WASTE ITEMS: Quantified data not available.

COMMENTS: Refueling uses OSCAR interface; nO spi_ge _ticipated.
Only one science experiment (BATSE) capable of orbital removal for contingency
repairs. Access to experiments requires careful removal of thermal
covers/insulation to prevent tearing of S_e. -_ _i _

REFERENCES: BDM Study, MRDB, Customer Servicing Requirements
Databook
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7.5 Free-flyers and Co-orbiting Platforms

7.5.5 SAAX 0017 -- Advanced X-ray Astronomy Facility (AXAF) Mission

MISSION CONTACT(S)" Arthur Fuchs (HQ)*

MISSION DESCRIPTION: The AXAF is an observatorT-class instrument with a
number of focal plane instruments for the study of the umverse at X-ray
wavelengths. AXAF will have advanced capabilities in energy range, sensitivity,
angular range, and mission lifetime. AXAF is a candidate for a payload on a Space
Station platform, where spacecraft and instrument modules will be replaced at
regularly scheduled intervals.

OPERATIONAL LIFETIME: 15 years.

SERVICING/MAINTENANCE INTERVAL: 3 years.

SERVICING SCENARIOS:

EVA: Remove/replace instruments or components from AXAF or
MMS-type free flyer bus.

IVA: Monitor EVA, operate OMV, repair instruments.

COMMON HARDWARE: None identified.

EXPERIME.NT PAYLOADS: X-ray telescope, mirrors, Charged Coupling
Device Imagmg Spectrometer, crystal spectrometer, high- and low-energy
transmission grating spectrometers, high resolution camera, X-ray spectrometer.

CONSUMABLES: Cryogens for cooling (liquid helium), tape.

LIMITED LIFE PARTS: Tape recorders.

WASTE ITEMS: See following table.

COMMENTS: Instruments contain Ar-Xe-CO 2 mixture. An experiment is currently

being planned to design a cryogen container. Martin Marietta was selected to build
the Charged Coupling Device Imaging Spectrometer as a prime contractor to the
Center for Space Research of MIT, a principal investigator for AXAF. (AW&ST,
Oct. 20,1986)

REFERENCES: MRDB, BDM Study, Customer Servicing Requirements
Databook
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7.5 Free-flyers and Co-orbiting Platforms

7.5.6 SAAX 0017A -- Advanced X-ray Astronomy Facility (AXAF) Servicing

MISSION CONTACT(S): Arthur Fuchs (HQ)*

MISSION DESCRIPTION: Replace and upgrade instruments and subsystem
modules and resupply consumables (cryogen).

OPERATIONAL LIFETIME: N/A

SERVICING/MAINTENANCE INTERVAL: 3 years.

SERVICING SCENARIOS:
EVA: Remove/replace instruments or components from AXAF or
MMS-type free flyer bus.

IVA: Monitor EVA, operate OMV, repair instruments.

COMMON HARDWARE: None identified.

EXPERIME.NT PAYLOADS: X-ray telese0pe, mirrors, Charged Coupling
Device Imaging Spectrometer, crystal spectrometer, high- andlow-energy
transmission grating spectrometers, high resolution camera, X-raYspectrometer.

CONSUMABLES: Cryogens for cooling (liquid helium), tape.

LIMITED LIFE PARTS: Tape recorders.

WASTE ITEMS: Quantified data not available.

COMMENTS: Instruments contain Ar-Xe-CO 2 mixture.

REFERENCES: MRDB, BDM Study, Customer Servicing Requirements
Databook
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7.5 Free-flyers and Co-orbiting Platform_

7.5.7 SAAX 0022 -- Space Station Spartan (SSS) Mission

MISSION CONTACT(S): John H. Lane (GSFC)*, Len Arnowitz (GSFC)

MISSION DESCRIPTION: An enhanced Spartan-class carrier provides the
capability to co-orbit small and medium payloads for periods up to about 3 months
at relatively low cost. Spartan is an autonomous spacecraft, and will co-orbit
astrophysics and space science payloads. Following missions lasting up to :5
months, payloads may be returned to earth or storedat the Space Station for reflight
missions. The spacecraft (i.e. the SS Spartan) will remain at the SS, have its
payload (instrument) changed, and perform a new mission. This process will be
continual.

OPERATIONAL LIFETIME: The operational lifetime of the spacecraft is TBD but
on the order of several years, when it will be returned to earth for major
refurbishment. Spacecraft repairs (subsystem module replacements primarily) can
be carried out at the Space Station as required.

i ....

SERVICING/MAINTENANCE INTERVAL: 1 to 3 months; we estimate a
maximum of one flight each quarter.

SERVICING SCENARIOS:
EVA: Replace instruments or spacecraft modules; resupply
propellant from SS reservoir, reorient solar arrays.

IVA: Monitor EVA; retrieve and redeploy Spartan with help of OMV
or other method to deploy/relrieve if OMV not available.

COMMON HARDWARE: None identified.

EXPERIMENT PAYLOADS: Various science instruments--initally, astrophysics
and solar physics.

CONSUMABLES: Hydrazine (375 kg maximum).

LIMITED LIFE PARTS: Rechargeable batteries, solar array.

WASTE ITEMS: Quantified data not available.

COMMENTS: May use cold gaspropellant instead of hydrazine if missions are
short-duration (approximately 1-2weeks).

REFERENCES: MRDB, BDM Study, "Space Station Spartan Study Final Report",
NASA TM 86215, John H. Lane et al., July 1985, Customer Servicing
Requirements Databook
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7.5 Free-flyers and Co-orbiting Pllat;forms

7.5.8 S. \X 0022A D Space Station Spartan (SSS) Servicing

MISSION CONTACT(S): John H. Lane (GSFC)*, Len Amowitz (GSFC)

MISSION DESCRIPTION: Maintain the carder and replace the scientific payload
for the next mission.

OPERATIONAL LIFETIME: N/A

SERVICING/MAINTENANCE INTERVAL: 1 to 3 months; estimated maximum
of one flight each quarter.

SERVICING SCENARIOS:
EVA: Replace instruments or spacecraft modules; resupply
propellant from SS reservoir, reorient solar arrays.

IVA: Monitor EVA; retrieve and redeploy Spartan with help of OMV
or other method to deploy/retrieve if OMV not available.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: Various science instruments--initally, astrophysics

and solar physics.

CONSUMABLES: Hydrazine (375 kg maximum).

LIMITED LIFE PARTS: Rechargeable batteries, solar array.

WASTE ITEMS: See following table.

COMMENTS: May use cold gaspropellant instead of hydrazine if missions are
short-duration (approximately 1-2weeks).

REFERENCES: MRDB, BDM Study, "Space Station Spartan Study Final Report",
NASA TM 86215, John H. Lane et al., July 1985, Customer Servicing
Requirements Databook
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7.5 Free-fly_r_ _tnd Co-orbiting Platforms

7.5.9 Sb _X 0027 w Explorer 1 (EX1) Servicing (Solar Max Mission)

MISSION CONTACT(S): Ken Rosette (GSFC)*

MISSION DESCRIPTION: Scientific instrument(s) mounted on Explorer

platform. Explorer incorporates the 3-module MMS (ACM, C&DH, power) plus

the Explorer payload equipment deck (6 compartments) and instrument interface
connector plate. (This is upgraded configuration relative to the STS SMM.)

OPERATIONAL LIFETIME: Nine years.

SERVICING/MAINTENANCE INTERVAL: Maint. scheduled every 3 years in

MRDB, but data provided by Rosette assumes a servicing interval of 2 years.

SERVICING SCENARIO

EVA: Contingency only; EVA activities such as instrument/module
change-out planned to be performed by remote manipulation from
inside pressurized module. Estimated elapsed time per episode is
1 week.

IVA: Operate remote manipulator, change out modular units,
including science instruments, no plans for repair other than
replacement on-orbit.

COMMON HARDWARE: Spacecraft assembly.

EXPERIMENT PAYLOADS: Solar Maximum instrument package.

CONSUMABLES: None aboard spacecraft bus (MMS portion); current SMM

instrument package includes an X-Ray Polarimeter (XRP) which has about 10 kg.
propane on board for purging.

...... :_=:_LIMITED LIFE PARTS: Batteries and tape recorders.

WASTE ITEMS: See following table.

COMMENTS: Waste items are contingent quantities derived from experience with
SMM repair on STS mission. Next generation SMM (Max 91) will include more
instruments. Servicing, on-orbit assembly and check-out operations for this package

may generat e TBD waste. Possibility of a power module with fuel tank changed out
in its entirety rather than recharged. _ _

REFERENCES: MRDB, B DM Study, "Multimission Modular Spacecraft (MMS)
Systems Specifications", S-700-10 Revision A, Goddard SFC, April 1986,
Customer Servicing Requirements Databook
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7.5 Free-flyers and Co-orl_iting Platforms

7.5.10 SAAX 0028 m Explorer 2 Servicing (EX2)

MISSION CONTACT(S): William Hibbard (GSFC)*

MISSION DESCRIPTION: Explorer platforms support low-cost missions for
special astrophysics, space plasma physics, and atmospheric investigations from
space. Payloads are TBD.

OPERATIONAL LIFETIME: 10 years

SERVICING/MAINTENANCE INTERVAL: 3 years (approximately).

SERVICING SCENARIOS:
EVA: Change out instruments, other components, MMS-type
modules.

IVA: Monitor EVA, operate OMV, repair instruments.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: Various astrophysics instruments.

CONSUMABLES: TBD (MMS-type propellants)

LIMITED LIFE PARTS: Batteries, tape recorders (for example)

WASTE ITEMS: See following table.

COMMENTS: "Explorer" is a name for a package of science instruments mounted
on an MMS-type spacecraft bus. Comparable to SMM. Spacecraft will reside at
Space Station for 7days when being serviced.

REFERENCES: MRDB, BDM Study
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7.5 Free-flyers and Co-orbiting Platforms

7.5.11 SAAX 0029 -- Explorer 3 Servicing (EX3)

MISSION CONTACT(S): William Hibbard (GSFC)*

MISSION DESCRIPTION: Explorer platforms support, low.-eost miss!ons for
special astrophysics, space plasma physics, and atmospheric mvesugauons from
space. Payloads are TBD.

OPERATIONAL LIFETIME: 10 years

SERVICING/MAINTENANCE INTERVAL: 3 years.

SERVICING SCENARIOS:
EVA: Change out instruments, other components, MMS-type
modules.

IVA: Monitor EVA, operate OMV, repmr instruments.

COMMON HARDWARE: See following table.

EXPERIMENT PAYLOADS: Various astrophysics instruments.

CONSUMABLES: TBD (MMS-type propellants).

LIMITED LIFE PARTS: Batteries, tape recorders (for example).

WASTE ITEMS: See following table.

COMMENTS: "Explorer" is a name for a package of science instty, merits mounted
on an MMS-type spacecraft bus. Comparable to SMM. Spacecrart wm resme at
Space Station for 7 days when being serviced.

REFERENCES: MRDB, BDM Study
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7.5 Free-flyers and Co-orbiting Platforms

7.5.12 SAAX 0207J m Recoverable Plasma Diagnostic Package (RPDP)

MISSION CONTACT(S): Roger F. Randall (U. Iowa)*

MISSION DESCRIPTION: An ejectable/recoverable satellite with flight _d
ground support containing particle and field diagnostic instruments and official
sensors to study dynamics of the natural environment and perturbations from
particle beams.

OPERATIONAL LIFETIME: 5 years.

SERVICING/MAINTENANCE INTERVAL: 6 months.

SERVICING SCENARIOS:
EVA: Retrieve RPDP (from STS or OMV) and move inside SS. Return
RPDP to OMV or STS for redeployment.

IVA: Replace batteries, components (contingency), instruments in
pressurized module.

COMMON HARDWARE: Dedicated experiment processor and RF antennas (latter
mounted on SS).

EXPERIMENT PAYLOADS: Plasma wave/DC electric field instrument, plasma
analyser system, ion mass spectrometer, retarding potential analyser, Langmuir
probe, high frequency sounder system, magnetometer.

CONSUMABLES: None.

LIMITED LIFE PARTS: Batteries, optical windows, other components not
identified.

WASTE ITEMS: See following table.

COMMENTS: May be tethered or spun off from MRMS -- RPDP has no
on-board propulsion system. As co-orbiter, would be stationed 200 km from SS.
Orbit adjustment every 6 months,

REFERENCES: MRDB, BDM Study, Payload Database (TRW), GSFC
Miniworkshop Report, SAIC Operational Scenario for STO.
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APPENDIX A-1. Request for Information (RFI) Form & Waste Data Sheet (WDS)

The first task undertaken by the ARC study team after obtaining authorization to
proceed was to design a Request for Information (RFI) and associated Waste Data
Sheet (WDS). The RFI was intended to be sent to potential data sources, to inform
them of study objectives, provide a definition of "waste material" and define data
categories. Initially, the team intended to use the RFI/WDS combination as a
stand-alone mail questionnaire package for data collection. Two major
considerations altered that intent. First, the BDM project leadership told the ARC
team that they had had poor response to a mailed questionnaire in collecting their
data, and found that personal visits were required in order to complete collection of
their servicing data. They recommended that the ARC study team go directly to a
personal interview method, particularly in view of the relatively short time frame
for the ARC study.

Second, preliminary conversations with OSSA mission specialists representing
many different scientific and engineering disciplines indicated that it would be
extremely difficult to create a universally appIicable, yet simple mail questionnaire
in the time available.

The ARC team therefore decided to draft an RFI/WDS that would be aimed toward

sensitizing mission specialists to waste-related issues, and to help them organize
their thinking on the topic. This package would be mailed to them, and after they
had had some time to evaluate their mission for waste production potential, an
interview would be conducted during which the visiting ARC team member would

take structured notes on the WDS. On the same visit, the interviewer picked up any
supplementary documents that might elaborate on the bare-bones data obtained.
Many valuable draft documents were collected that might not have been sent back
with a mail questionnaire, because they were informal working papers.

Although the initial RFI/WDS package included in this Appendix did not cover all
the issues eventually identified in the study, it served its purpose of sensitizing
respondents and structuring the interviews. In the following subsections, the
rationale behind the RFI/WDS package is described. Some of the thinking that
really evolved from use of the RFI/WDS is also included, even though this is not
captured in the documents themselves, because these updated concepts were indeed
used in follow-up phone calls to clarify and enrich the intial data set that the
RFI/WDS stimulated.

A-1.2 Waste Related to Hardware and Procedures

A systematic evaluation of experimental operations and servicing procedures and
associated hardware would be the ideal approach to identifying OSSA mission
waste. These operations and procedures ultimately "generate" the waste which will
require containment, transport, processing and/or disposal. However, because most

99



mission experiments have yet to be formally proposed, this could not be done in

constructing the RFI and WDS. Instead, generalized mission hardware and
associated servicing procedures were used in combination to frame many questions
about waste material.

The BDM Study included lists of serviceable mission hardware items which they
designated as Orbital Servicing Units (OSU's). These lists were a good starting
point for conceptualizing the possible variety of hardware items that might
associated with waste production when the database was designed, and were useful

"prompts" during interviews and subsequent telephone calls. They also were
included in the Mission Waste Profiles if they were associated with significant

waste production.

The servicing procedures scenario given for each mission in BDM Study contains
two sections 2.2 and 2.3 named "Planned Orbital Servicing Activities" and

"Contingency Orbital Servicing Activities" respectively. These were also evaluated
for the potential to produced waste items. The procedures identified as major
potential waste sources are described as EVA and IVA procedures in our Mission
Waste Profiles.

A-1.3 W_t¢ Linked to Consumables

The BDM Study_d other documents conceptually lie w_te to mission

consumables as well as harware and procedures. In this perspective, what is
consumed is transformed to some product(s) which may be useful an_or
non-useful (i.e. waste). This potential waste source was described in BDM Study
section 1.6, "Consumables and Limited Life Parts" for each mission. For example,
this section for the ASO/SOT missi0nlisted consumables as "film for photometric
filtergraph" and limited life parts as "none identified".

Exposed film could be considered as a waste item by strictly applying our proposed
waste definition of "an item no longer useful in its present form". However, since
exposed film generally contains mission "data", for this study it was not classified as
waste. Failed Components could also be categorized as waste.

A Second potential source ofwas_ data was ]_nfified inBDM Study section 3.2 (b)
where, for some missions, total consumables were estimated as total mass (kg). For

the same ASO/SOT mission example, this value was "20 kg".

At the current stage in mission experiment development, it has not been possible to
clearly separate useful from non-useful end-products__!t__w_ therefore assumed for
this study tfiat dae major portion ofc0nsuma_eswo_uldbe ultimately converted to

non-useful end products. The exceptions to this were experiment-related samples
or data which would r_uire analysis (on-orbit or on the ground) as part of a
miss{on. These items were sequestered in--file-database and not included as waste.
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REQUEST FOR INFORMATION AND WASTE DATA SHEET

SPACE STATION MISSION DATA
WASTE MANAGEMENT REQUIREMENTS ASSESSMENT

INSTRUCTIONS

Step 1. Specify one currently-planned mission on each DATA SHEET. Focus
on rnissions where sienificant waste may be eenerated. List documents relevant to
understanding the mission on the SUPPORTING DOCUMENTS page.

Step 2. List experiment names and hardware items (if applicable). Indicate specific
waste items, i.e. syringes, gloves, solvents, etc. Group similar waste items
together -- solids, corrosives, etc. -- if this is convenient.

Step 3. Estimate daily units per item. A unit is equivalent to a specific waste item.
Umts are totaled for 6ach day any waste item is generated to get daily units. Indicate
mass (gm) and volume (cc) estimates for a single item (unit). Enter a range of
values if data lacks specificity, and note how the range was established.

Step 4. Estimate number of days per 90-day mission when a particular waste item
willbe produced. A range is acceptable. Here is an example of applying. 1 Steps_ 3
and 4. An experiment will use 2 pairs ofvinylgloves on any day that it is being
carried out, and there will be 7 such days per 90-day mission. Opposite gloves,
vinyl" in Column 3, the DU entry would be "2" and the Days per mission entry,
'17l'"

Step 5. Enter codes for the hazardous qualities (if any) for each item in the Codes
column. Codes are:

B=Bioactive
C=Corrosive
F=Flammable/Combustible
R=Radioactive
T=Toxic

Step 6. Annotate your entries, such as the basis of your estimates (formulas,
assumptions) as aids for later reviews and discussions.
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APPENDIX A-2. Waste Database Elements

The name of the column element on the following spreadsheets is printed in boldface
and a short description of that column follows each.

Column #

1.

2.

.

.

5.

6.

.

8.

9.

10.

11.

12.

13.

14.

15.

16.

ID#: A number randomly assigned to each waste entry.

Mission Number: Mission number.

Type: Whether mission is a Lab Module mission (LM), an External
Attached Payload (PL) or a Free-flier/Co-orbiting Platform (FF).

Acronym: Commonly used acronym of mission name.

Mission Name: Mission name.

Hardware:

applicable.

Piece of hardware with which waste item is associated, if

Procedure: Procedure which produces waste, if applicable.

Waste Item: Item or material being evaluated.

Unit: Number of items or amount of material designated "one unit".

SI: Servicing interval for that particular waste item on that mission.

Units/day or run: Where applicable, number of units produced per
day or per run of an experiment.

Days or runs/90 days: where applicable, number of days per 90
days on which waste is produced, or number of runs of an experiment
completed in 90 days.

#/SI: Number of units produced per servicing interval (as shown in
Column 10).

av. kg:

av. ltr:

kg/SI:

Average kilograms per unit (given only for some items).

Average liters per unit (given only for some items).

Total kilograms per servicing interval of that waste item.
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17. ltr/SI: Total liters per servicing interval of that waste item.

18. rain co: For items where a range was listed for the volume, the lower

figure, shown in cubic centimeters.

19. max cc: For items where a range was listed for the volume, the higher

figure, shown in cubic centimeters.

avg ce/unit: Average volume per unit, shown in cubic centimeters.

rain gin: For items where a range was listed for the mass, the lower

figure, shown in grams.

22. max gin: For items where a range was listed for the mass, the higher

figure, shown in grams.

23. avg gin/unit: Average mass per unit, shown in grams.

24.

25.

liters/run: Liters of waste item produced per run of an experiment.

kg/run: Kilograms of waste item produced per run of an

experiment.

L -

28.

Phase: Whether waste is solid, liquid, or gas.

Code: Handling code for waste: B=bioactive; C=corrosive;
F=flammable; R=radioactive; S=sharp; T=toxic.

Contact: Primary person who provided information and reviewed

mission profile.

29. Center: Institutional affiliation.

30. Notes: Notes on database material relating to that waste item.
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APPENDIX A-5. ACRONYM GLOSSARY
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